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MpepnoxeHbl CTPYKTYpa U NPUHLMNbI peanusauum
¢poToHHOro koMmnbioTepa. B ocHoBe ero
$YHKUMOHMPOBaHUSA — 3P deKTbl B3AUMOAENCTBUS
KOFrepeHTHbIX CUCTEM CBETOBbIX BOJTH, MOPOXAAeMbIX
NasepHbIM UCTOYHUKOM. MoTly4eHbl OLLeHKU 3HaYeHU
Npou3BOAUTE/IbHOCTU, NOTPe61SIeMOV 3Hepruum,
¢$u13MyecKMX pa3mMepoB; 3TN OLLEHKWN NOKa3biBalOT
BO3MOXHble NpenmyLiecTBa $OTOHHOro KOMMblOTEPA
Mo CpaBHEHUIO C 31IEKTPOHHbIM KOMIMbIOTEPOM.

BBEAEHWE

JlIsl pellleHHs TOCTOSIHHO BO3HUKAIOIIUX AKTYaIbHBIX
3ama4 TpebyIOTCS BBIUMCIHUTEIbHbIE MAIIUHBI C Mak-
CHMaJIbHOM ITPOM3BOIUTENbHOCTEI0. OHa H3MepsieTcs
KOJIMYECTBOM OIepaIHi, BHIIIONHSIEMBIX B eIHHHILY
BpeMeHH.

CoBpeMeHHBIE BBIYHC/IUTENIbHbIE MAIIMHBL COHEp-
5KaT KBaIPHJITHOHBI 3JIeKTPOHHBIX TPAH3HCTOPOB Pa3-
MepoM He bonee 14 HM, BrImonHSIOT ~10Y ori/c, moTpe-
6715110T AecSITKU MBT, 3aHUMAIOT TBICSUH M2.

JlanpHelIlee yMeHbIIeHHEe Pa3MepoB TPaH3HUCTO-
POB IUIsI HAapalIUBAaHUS ITPOK3BOLUTEIBHOCTH IIPHBO-
OUT K TOMY, YTO B3aHMOZEHCTBHE MeXIY HUMU byzneT
COITPOBOK/AATBCSI KBAHTOBBIMU 3ddeKTaMu. Brramciu-
Te/IbHBle MAILIMHBI HA OCHOBe TAaKUX 3p(eKTOB Ha3bIBa-
I0TCSI KBAHTOBBIMH KOMIIbIOTepaMU. OHU UCC/IelyI0TCs
nocyieiHYe 30 JIeT, epCIIeKTHUBBI KX peaTH3aliiH MoKa
HeoITpene/leHHHI [1].

[To3ToMy aKTyaspHA IpejjaraeMasi HHUKe BBIUHC-
JUTeNbHAs MAalIHHA, B OCHOBe (GYHKIIMOHHUPOBAHHS
KOTOPOM - 3)deKThl B3aHUMOJEHCTBHS KOTE€PeHT-
HBIX CHCTEM CBETOBBIX BOJIH, IIOPOKJAEMBIX Jia3ep-
HBIM H3nydeHHeM [2]. HocuTensiMu H3Iy4deHHSs
SBISIIOTCS QOTOHBI, OTCIOAA Ha3BaHHE - QOTOHHBIN
KOMIIBIOTEP.

QOTOHHBIM KOMIIBIOTEP, B OTIHYME OT aAHAJIO-
roB [3, 4], omepupyeT TOJIBKO CBETOBBIM ITpeCTaBIIe-
HHUeM HHPOpMallMH. DTO IO3BOMSIET IONYYUTh, KaK
bymeT IOKa3aHO, 3HA4YeHHUsS IIPOM3BOLUTETBHOCTH
U 5Hepro3dpeKTHBHOCTH JIy4Ile AOCTHUIAeMBIX IIPH-
MeHeHHeM 37IeKTPOHHBIX TeXHOTIOIHH. [IpeioskeHHA s
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PHOTONIC COMPUTER:
STRUCTURE AND
ALGORITHMS.
ESTIMATIONS

OF PARAMETERS

S.A.Stepanenko, Doctor of Physical and Mathematical
Sciences, ssa@vniief.ru; Russian Federal Nuclear
Center - All-Russian Research Institute of
Experimental Physics, Sarov, Russia

The structure and principles of the photon computer
implementation are proposed. The effects of
interaction of coherent systems of light waves
generated by a laser source underlie its functioning.
The estimates of the values of productivity, energy
consumption, physical dimensions were obtained;
these estimates show the possible advantages

of a photonic computer in comparison with the
electronic one.

INTRODUCTION

To solve constantly emerging problems, computational
machines with maximum performance are required.
It is measured by the number of operations performed
per time unit.

Modern computers contain quadrillions of
electronic transistors measuring no more than 14 nm,
perform ~10Y op/s, consume dozens of MW, occupy
thousands of m?.

A further reduction in the size of the transistors
for increasing the capacity leads to the fact that the
interaction between them will be accompanied by
quantum effects. Computers based on such effects
are called quantum computers. They have been
studied for the past 30 years, the prospects for their
implementation are still uncertain [1].

Therefore, the proposed below is a computer that is
based on the interaction effects of coherent systems
of light waves generated by laser radiation [2]. The
carriers of radiation are photons; hence its name is
photonic computer.

The photon computer, unlike the analogues [3, 4],
operates only with the light representation
of information. This allows to obtain, as will be
shown, the values of productivity and energy
efficiency better than those achieved using electronic
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CTaThs SABJIAETCS pacmupeHHmM BapI/IaHTOM Hy6nu1<a-
uuu [5].

ANTOPUTM OYHKUMNOHUPOBAHUSA

N CTPYKTYPA ®OTOHHOIO KOMIbIOTEPA
3amMcaHHas Ha S3bIKe BBICOKOIO YPOBHS IIporpaMMa
TPaHC/IUPYeTCsS 3JeKTPOHHOK  BBIYHC/IHTEIbHOM
MamuHON (9BM) B 37IeKTPOHHYI0 (pOpMY IIPOrpaMMBbl
$OTOHHOrO0 KOMIIBIOTEpa, KOTOpas 3aTeM IIpeobpasy-
€TCS B CBETOBYIO QOPMY MU BBIIIOIHAETCS (POTOHHBIM
IpoLeccopoM. 110 OKOHYaHHHU BBIUMC/IEHHI Pe3ysIbTaT
mrpeobpasyeTcs yCTPOMCTBOM COIIPSIKEHUS B 3/1€KTPOH-
HYI0 $OpMY U IIOCTyI1aeT B OBM.

CTpykTypa GOTOHHOIO KOMIIBIOTEpA IIpe[CTaB/IeHa
Ha puc.l. BellosHeHHe BBIYMCIMTEIBHOIO IIpoliecca
HAa4YMHAeTCA IIyCKOBBIM BO3JeMCTBHEM YCTPOMCTBA 1,
repefaBaeMbIM 110 KaHa/ly 2 B UCTOYHMK 3 JIa3epPHOro
usnydeHusi. I'eHeprupyemoe HCTOYHHKOM 3 H3/Iyde-
HHe II0 ONTHYecKOMY KaHajly 4 IoCcTyIaeT B YCTPOK-
CTBO 5 BBOZ,A/BBIBOAA, IJe [e/IUTCS Ha CBETOBBIC JIYUH,
KOJIMYeCTBO KOTOPBIX PAaBHO KOIHUYECTBY OMT (pasps-
J0B), OMHOBPeMEHHO BBOJAMMBIX I10 OIITHYEeCKUM KaHa-
71aM 6 B IpolieccopHble 31eMeHTH ([19) 7, 06bequHeH-
Hble KaHaJIaMH 8 B QOTOHHBIM IpoLieccop 9. Jaree

=

technologies. This article is an expanded version of
the publication [5].

ALGORITHM OF FUNCTIONING

AND STRUCTURE OF PHOTONIC COMPUTER
The program recorded in a high-level language is
translated by an electronic computer into an electronic
form of a photonic computer program, which is then
converted into a light form and executed by a photonic
processor. At the end of the calculation, the result is
transformed by the coupling device into an electronic
form and enters the computer.

The structure of the photonic computer is shown
in Fig. 1. The execution of the computational process
begins with the starting action of the device 1,
transmitted via channel 2 to the laser source 3. The
radiation emitted by the source 3 passes through the
optical channel 4 to the input/output device 5, where
it is separated into light beams, the number of which
is equal to the number of bits simultaneously input
through the optical channels 6 into the processing
elements (PE) 7, to the photonic processor 9. Further, as
aresult of the interaction of these beams in the device
5with the electronic representation of the information

2 YCTpOMCTBO Npeobpa3oBaHms BbIYMMCANTENLHOTO 334aHNs B nporpammy ®BM - 1
Device for converting the computational task into the photonic computer program
A
10
McTouHMK nasepHoro nsnyyeHus 3 | 4 YCTpoWCcTBO BBOAA/BLIBOAA 5
Source of laser radiation Input-output device
6 6 6
DOTOHHbIN 2
npoueccop
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processor Pttt bkt KM
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e Rt
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o ALU
A vy
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SW Smt tmmmmmmmmeon > SW
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Yy Yy
CcD CcD
Puc.1. Cmpykmypa ¢omoHH020 Komnbiomepa
Fig.1. Structure of the photonic computer
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B pesy/bTaTe B3aHMMOJEMNCTBUS 3TUX JIydell B YCTPOU-
CTBe 5 C 3/IeKTPOHHBIM IIpe[ICTaBlIeHHeM HCXOMHOM
MHPOPMALMH, BBOAKMMBIM II0 3JIeKTPOHHOMY KaHaJy
10 u3 ycrporicTa 1 (B KaueCcTBe KOTOPOro MOKHO ITpHMe-
HITh OBM), monydaeTcsi cBeToBasi Gopma porpaMMbl,
IIOCTyIIaloIlas I10 KaHajaM 6 Ha BhbIIIONIHEHHe B I3
7. OHH comepsKaT apHPMeTHKOJIOTHYeCKHe YCTPOH-
cTBa (AJIY), koMmMmyTaTopsl (KM) U yCTPOKCTBA yIIpaBiie-
Hug (YY), obbegUHeHHbIe OIITUYeCKUMU KaHalaMH 11.
BBIYMC/IMTE/IBHEIN [IPOLIECC SBIISIeTCSl MOC/Ief0BATelIb-
HOCTBIO B3aMMOJEMCTBHM CBETOBBIX Jy4ell B IaCCHB-
HBIX OIITHYECKHX JJOTHYeCcKHX 1eMmeHTax (OJID) [6, 7, 8],
M3 KOTOPHIX peann30BaHbl I13 7. dyuxkuuu OJID upaeH-
TUYHBl QYHKUMAM 3JIeKTPOHHBIX JIOTUYeCKHX 3JIe-
MeHTOB [9]. ITo 103BO/ISIET 33AeHICTBOBATh B GOTOHHOM
KOMIIBIOTEPE apXUTEKTYpHBIe peanusauuu AJlY, KM
U YY, U3BeCTHBIE M3 IeKTPOHHOM BBIYHCIHUTEIbHOM
TeXHUKH; IS CHHXPOHHU3ALMK BO3MOKHO HKCIIOJIB30-
BaHHe ONTHYeCKUX JIMHUU 33 IeP>KKH.

ITporieccopHble 371eMeHThl B OTOHHOM IIpPOLieccope
CoeTMHEeHbI KaHa/IaMHU 8 B MY/IBTHUIIPOLIECCOPHYIO CPeAy,
HMEIOIIYIO JIF00YI0 M3BECTHYIO TOIIONIOTHIO, HAIIPHMeP
3D-top, [™-runepkyb6 u ap. [10].

Ob11ee KOJIIMYECTBO BHIIIOTHSIEMbIX OIl€PaLIUEL OIIpe-
mensgercsa nubo 6romskeToM MoIHOCTH [11], nubo mau-
HOM KOT€PeHTHOCTH [12].

ITocne ucyeprnaHUs OrOf>KeTa MOLIHOCTH OCYILECT-
BJISIETCS pereHepanys uHbopMmanuu. Ilocime JoCTHKe-
HHS JJIMHBl KOT€PeHTHOCTH HMHQPOpMaLMs BO3Bpallla-
eTcsi I10 KaHaaM 6 B YCTPOKHCTBO 5, Ifie Ipeobpa3syeTcs
B JIeKTPOHHYI0 GOPMY 1 3aTeM BHOBb B CBETOBYIO KOre-
peHTHYIO dopMy, IlepenaBaemMyio B I13.

MPUHLUMbI BbINOJIHEHUS BbIYNCIIEHUI
HMubopmanusi B cBeTOoBOM GopMe IOCTOSHHO IIepe-
MeIaeTcsi B IIPOCTPAHCTBe. YTOOBI HCKIIOUHUThH ee
3aJlepsKKU U II0TePH MOLTHOCTH, HeOOXOMUMO:

* BBINOJIHATE OIepalli 10 FOTOBHOCTH OIlepaH[OB
6e3 obpaleHHs B MaMSTh COIIACHO JUCLIUIUIMHE
yIIpaB/IeHHUs OT II0TOKA JaHHBIX (data flow) [9];

+ obpabaTbIBaTh HHOOPMALIHIO 110 6eCKOHGIHMKTHBIM
MapuipyTaMm [10], 3azeHcTBYsl B oIpefe/eHHBIH,
3apaHee H3BeCTHBI HHTepBa/l BpeMeHH TOJIBKO
cBOOOIHBIE ITPOLIECCOPHBIE 37IeMEHTBI K KaHAJIBL.
BrruncisieMoe BRIpasKeHHe IIPefCTaB/SeTCS I0JIb-

CKOV MHBEPCHOM 3aIMCHI0 [9], Ha 0CHOBe KOTOPOH CTPO-

UTCS sIpycHO-TIapasulenbHast dopma (AIId) anropurma

(13]; BepmmHBI ogHOro sgpyca SII® COOTBETCTBYIOT

KOMaH/ZIaM, BBIIIONIHSIEMBIM He3aBHUCHMO (mapas-

JIeJIbHO) B TeUeHHe OfIHOTO 1 TOI'0 >Ke MHTepBasa t.

H3 IO anropuTMa IIOy4YaeTcsl IPOLIeCCOPHBIN
rpag. Ero BepIIMHBI COOTBETCTBYIOT II3, BBIIIOIHSIO-

IIMM OIlepallMi B HMHTepBajbl BpeMeHH t. OHU coe-
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input via the electronic channel 10 from the device
1 (which can be used as a computer), a light form of
the program is obtained, coming via channels 6 for
processing into PE7. They contain arithmetic logic
units (ALU), switches (SW), and control devices (CD),
combined by optical channels 11. The computing
process is a sequence of light beam interactions in
passive optical logical elements (OLE) [6, 7, 8], of
which PE7 is implemented. The OLE functions are
identical to the functions of electronic logic units [9].
This allows you to use architectural implementations
of ALU, SW and CD in the photonic computer, known
from electronic computer technology; the use of
optical delay lines is possible for synchronization.

The processor elements in the photonic processor
are connected by channels 8 to a multiprocessor
environment having any known topology, for example,
a 3D-torus, a G"-hypercube, etc. [10].

The total number of operations performed is
determined either by a power budget [11] or by a
coherence length [12].

After the exhaustion of the power budget, the
information is regenerated. After reaching the
coherence length, the information is returned
through the channels 6 to the device 5, where it is
converted into an electronic form and then again into
a light coherent form transmitted to the PE.

PRINCIPLES OF COMPUTATION

The information in the light form constantly moves

in space. To exclude its delays and power losses, it is

necessary:

 to perform operations for the readiness of operands
without access to memory according to the control

discipline from the data flow [9];
 to process information on conflict-free routes [10],

using only free processor elements and channels at

a certain, known time interval.

The computed expression is represented by the
reverse polish notation [9], on the basis of which
the multilevel structure (MLS) of the algorithm is
constructed [13]; the vertices of one level of the MLS
correspond to the commands performed independently
(in parallel) during the same interval t.

A processor graph is obtained from the algorithm
MLS. Its vertices correspond to a PE executing
operations at time intervals t. They are connected
by edges belonging to non-conflicting routes from
channels 8. Through these channels, PEs exchange
their identifiers, i.e. operation codes, operands
and synchronizing symbols, which are denoted
by 9. To perform the operations, PEs that are free in
interval t from other tasks are assigned; these PEs are
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OyHeHbl pebpaMu, IMpHUHaMJIEKAMUMU 6eCKOHPIUKT-
HBIM MapUIPyTaM K3 KaHasoB 8. [Io 3TUM KaHanaM I12
0OMeHHBAIOTCSI UJIeHTUPHUKATOPAMHU ~ KOAAMH OIlepa-
LMK, OlepaHAaMH W CHHXPOHH3HPYIOUIMMH CHMBO-
JaMH, KOTOpble 0bo3HauaroTcsi @. [J1s1 BBIIIOTHEHHUS
orepalMH Ha3Ha4aroTcs I19, cBobopHble B HHTEpBAI t
OT IPYTHX 3aJaHHUM; 3TU [I9 onpenensiioTcs NpH IOA-
TOTOBKe IIPOrPaMMBI B YCTPOMCTBe 1 Ha OCHOBe KOJIH-
yecTBa I13, TOMONIOrMM HX COeIHHEHHs, IIPHUHaJJIeX-
HOCTH K 6€CKOHOIMKTHBIM MapIIPyTaM.

[IporpaMma TIIo/ly4aeTcs M3 IIPOLIECCOPHOIO
rpada 3aMeHOH BepIIMH KOMaHIaMH (GOTOHHOIrO
KOMIIBIOTEPA.

B mpotiecce BBIYMC/IEHUI KOKIBIH HAEHTHPHUKATOP
COIIPOBOMKIAETCS TeKYIIMM 3HaueHueM t=0,1,...,m, rae
m - rybuna IO anroputMa [13]. 3HadyeHHe t yBelH-
YMBAETCS HA eIWHHIy IPH KaskKAOM 'TIPOXOKIEHHH"
I13.

ITpolieccopHBle 3/eMeHTHI, He 3aJeHCTBOBAaHHBIE
B BBIIIOJIHEHH M KOMaHJ, IIPOrPAMMBI, B KasKJIOM HMHTeP-
BaJle IPUHUMAIOT U IlepPelaloT CUMBOJL & ¥ 3Ha4YeHH 4 t
(yBemMuMBas t Ha eIUHHUILLY).

[IpoLieccOpHEIN 3/1eMeHT BBIIIONIHSAET OIepallHIo
JIHAIIBb TOLJA, KOIZA [0 BCeM ero KaHajaaMm 8 Ioly4eHa
MHPOPMALMS C ONMHAKOBLIM, O4epeIHLIM 3HaYeHHeM
t.

NMPUMEP BbIHUCITNTE/IbHOIO NMPOLIECCA
[TocTpOoMM IIPOLIECCOPHBIH I'Pad A5 BBIYKUCIEHHUS 3Ha-
yeHUSs BeIpReHUsI A=a+(b+c)-d GOTOHHBIM KOMIIBIO-
TepoM, II3 KoToporo o6benrHEeHHI B I3 - TpexMepHBII
runepky6 [10], moka3aHHBIN Ha puc.2. Homepa o6o3Ha-
YeHMH Ha PUC.1 ¥ Ha PHC.2 COBIAAIOT.

Kaskmas BepiiniHa [3 03Ha4yaeT MPOLIECCOPHBIH 31e-
MEHT, KOTOPOMY COOTBETCTBYeT BeKTOp & =(0;,0,,0;),
rmec, €{0,1},1=1,2,3.

Pebpa, coefUHSIOIIME BepLUIHMHBI [3, COOTBETCTBYIOT
KaHajiaM 8, OHHU IIOMeYeHbI §;, 8,, 8.

Kpome Toro, I13 coefHMHEHBI C YCTPOMCTBOM 5 KaHa-
71aMHu 6, 6,, 6;, BHEIIHUMU AJist [3, Ha puc.2 KaHassl
6,, 6,, 65 MOKa3aHBbI TONbKO 47151 [19 B BepriuHe (0,0,1).

[l I3 u IIMHBL MapLIpyTa TpU UMeeM [10] ueTsIpe
beckoHGMUKTHEIX MHOXecTBa ((000),(111)), ((001),(110)),
((010),(101)) u ((100),(011)). MIX BepIIKHBEI K COeIHHSIIOLILIE
5TH BepUIIMHBI 0eCKOHQIHMKTHBIE MapLIPyThl IOMe-
YeHbl Ha PUC.2 LIBeTAMH - YEpPHBIM, 3ejIeHbIM, Kpac-
HBIM M CHMHHM COOTBeTCTBeHHO. HampaBiieHus Iepe-
JayM II0Ka3aHbI CTPEIKAMHU.

B Tabn.1 u 2 gs s3nementTos (0, 0,0) u (0,0,1) mprBe-
IeHbl BeKTOpbl O, COOTBETCTBYIOIHE ITPOLIECCOPHBIM
3JIeMeHTaM, OT KOTOPBIX I10 KaHaiam §;, 8,, 8; B UHTep-
Basiel t=0,1,...,6 110 6eCKOHMIUKTHBIM MapupyTaM
IIOCTyIIaeT MHPOPMALIK.

i1

determined when preparing the program in device 1
based on the number of PE, the topology of their
connection, belonging to the conflict-free routes.

The program is obtained from the processor graph
by replacing the vertices with photonic computer
commands.

During the calculation each identifier is
accompanied by the current value t = 0, 1, ..., m,
where m is the depth of the algorithm MLS [13]. The
value of t is incremented by one for each "passing” of
the PE.

The processor elements that are not used in the
execution of program instructions in each interval
receive and transmit the symbol @ and the value of t
(increasing t by one).

The processor element performs the operation only
when the data with the same successive value of t is
received through all its channels.

EXAMPLE OF THE COMPUTING PROCESS
Let’s plot a processor graph to calculate the value
of the expression A = a + (b + ¢) x d by a photonic
computer, the PEs of which is combined in G3? -
three-dimensional hypercube [10] as shown in Fig. 2.
The numbers of the notations in Fig. 1 and Fig. 2
coincide.

Each vertex of G means the processor element to
which the vector corresponds 6=(0;,0,,0,), where,
0;=1,2,3.

The edges connecting the vertices of G3 correspond
to the channels 8, they are labeled 8, 8,, 8;.

Furthermore, PEs are connected to the device 5
by channels 6,, 6,, 65, external for G3. Fig. 2 shows
channels 6,, 6,, 6; only for PE at the vertex (0,0,1).

For G* and the route length 3, we have [10] four
conflict-free sets ((000), (111)), (001), (110)), ((010), (101))
and ((100), (011)). Their vertices and the conflict-free
routes connecting these peaks are marked in Fig.
2 by black, green, red and blue, respectively. The
directions of the transfer are shown by arrows.

Tables 1 and 2 for the elements (0,0,0) and (0,0,1)
give vectors Gcorresponding to the processor elements,
from which through the channels 8,, 8,, 8; to the
intervals t = 0,1, ..., 6 by conflict-free routes receive
information.

Thealgorithm MLS for the expression A=a+(b+c)xd
in the record Aabc+dx+:= is shown in Fig. 3, the
processor graph is shown in Fig. It consists of the
vertices corresponding to the processor elements
(03, 02, ol), in time intervals t and denoted (g3, a2,
ol) t. The vertices are connected by edges from the
channels 8 belonging to the conflict-free routes.
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AI® anroputma 1jisi BelpakeHus A=a+(b+c)-d
B 3amucu Aabc+dx+:= mpencraBieHa Ha puc.3, mpo-
LIeCCOPHBIN I'pad - Ha puc.4. OH COCTOMT M3 BepLIHH,
COOTBETCTBYIOIIUX ITPOLIECCOPHBIM /IeMeHTaM (03, 05, 0;)
B HHTEPBAJIbI BpPeMeHH t U obo3HayaeMbIX (0;,0,,0;)
.~ BepIIMHEI coenrHEHHI pebpaMH K3 KAaHAJIOB 8, IIpHU-
HaJlJIesKalIi MU 6eCKOHQIHMKTHBIM MapIIpyTaM.

HaeHTUPUKATOPBL 3arpy>KalOTCsI COOTBETCTBEHHO
B BepmnHEL (0,0,1),- MAEHTUOUKATOP ONepalvH {x}
u 3HaveHus 'b" u "d", B (0,1, 0), - 3HaueHus A", "a" u "',
B (1,0,0), - upenTUdUKATOPH! omepanuu {+},{+} u {:=}.
[Tepeurc/ieHHBle CUMBOJIBL IIOCTYIAIOT K3 YCTPOMCTBA
5 o KaHa/slaM 6, KaK II0Ka3aHO Ha pHc.4. B ocTa/lbHbIe
3/IeMeHTBHI [IOCTYIIA0T CHMBOJIBL J.

IToka3aHHBIM, B YaCTHOCTH, Ha PHC.4 MapIIpyT
HIeHTUQHKATOpa A B MHTepBaskl t=0,1,2,3,4 cocToUT
u3 BepuuH (0,1,0),, (1,1,0), (0,1,0),, (0,1,1);, (0,0,1),.
MapumpyTsl CMMBOJIOB & IIOKa3aHbl YaCTUYHO IIyH-
KTUPHBIMH TUHUSIMHU.

3aMeHss BepPIIUHDBI Ipada KOMaHAAMH, II0ydaeM
IporpaMmy i1 QOTOHHOI'O KOMIIbIOTepa. IIporpaMma
COCTOMT M3 KOMaH/[, MPeINHCHIBAIOIINX IeHCTBHS,
BBIIIONIHSIEMBIE B KaSKABIM MHTEpPBAJI t KakapiM I19

___ mﬂw ONTUYECKME YCTPOUCTBA M CUCTEMbI I

Ta6auua 1. NoctynneHme nHdopmaumm g M3 (000)
Table 1. Information input to the PE (000)

1 001 010 100
2 011 110 101
3 111 111 111
4 110 101 011
5 100 001 010
6 000 000 000

Ta6auua 2. MocTynaeHne nHpopmauum B N3 (001)
Table 2. Information input to the PE (001)

I10 KasKIOMY KaHaJy.
PasnmdaeM TpH Ga3bl BBIIIOJTHEHU S KOMAaH/IbL: 1 - el .
*  ¢asza ¢=1; npueM HHOOpMAILIMH U3 KaHAJIOB B [13;
» dasa @=2; BeIIONHeHHUe I1D AENCTBUM, NPEAIIHCH- 2 010 111 100
BaeMbIX KOJIOM OIlepalliH;
3 110 110 110
4 111 100 010
5 101 000 011
‘ 6 001 001 001

101

010 83 110

Puc.2. Cmpykmypa ¢omoHH020 Komnbromepa

¢ mononozueli I3

Fig.2. Structure of the photonic computer with the G3
topology
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The identifiers are loaded respectively into the
vertices (0,0,1), - the identifier of the operation {x}
and the values of "b" and "d", in (0,1,0), - the values
of "A", "a" and "c", in (1,0,0), - the identifiers of
the operation {+}, {+} and {:=}. The symbols listed
follow from device 5 through channels 6 as shown in
Fig. 4. The remaining elements are followed by the
symbols @.

This is shown, in particular, in Fig. 4 the route of
the identifier A in the intervals t = 0,1,2,3,4 consists
of the vertices (0,1,0),, (1,1,0),, (0,1,0),, (0, 1.1);, (0.0.1),.
The characters routes are shown in partial, with
dotted lines.

By replacing the vertices of the graph with
commands, we obtain a program for a photonic
computer. The program consists of the commands
that prescribe the actions to be performed at each
interval t by each PE, for each channel.
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*  ¢asza @=3; nepegaun MHPopMaluu U3 I13 mpuemM-
HHKaM B Apyrux I13.
B Tabnuie 3 mpuBeleHa IporpaMma GpOTOHHOTO
Ipolieccopa C TOIOJIOrHer I3, monyyeHHast U3 IpoLiec-
COpHOro rpada, mpeacTaBJIeHHOro Ha puc.4. B Kasxaom

X
cronbue (0;,0,,0,) IpU =1 3amuCh — O3HAYAeT, uTo

B HMHTepBaJl t=z HIOCHTUPHKATOP X IPHUHHMAETCI
o KaHany &; I13 (05, 05, 0;); P=2 yKa3bIBaeT Ha BBIIIOJIHE-
HUe olepalyy JaHHBIM [19 B TeueHHe MHTepBajla t=z
(mpodepK O3HauyaeT OTCYTCTBHE OIlepallvM); IIpHU @=3

X

3IHUCh  03HAYALT, YTO B MHTEPBAI Z UICHTUGUKATOP

X IlepefaeTcs 1o kaHauny §; II9 (0;,0,,0,); LIBeT 4epThl
X

B 3aMMCH _ COBMA/IAET C I[BETOM MapUIPYTa, MO KOTO-

pomy IpUHHMaETCs 59051

MHPOpMaLIKs.

[TogpobHOCTH TPAHCASLUM IIPOrPaMM, 3aIlHCaH-
HBIX Ha SI3bIKaX BBICOKOT'O YPOBHSI, K 0COOEHHOCTH IOy~
YeHHs "MAIIMHHOIO Ipe[CTaBIeHUSs 3TUX IIPOrpaMM
37leCb HeCyIeCTBeHHBI. MOryT 6bITh HCII0/Ib30BAHEL BCe
13BeCTHbIe CPeJICTBA, [103BOISIONIYE ONTHMHU3HPOBATh

TPaHCISALIMIO U IIOPOKAAEMBIE B pe3yJbTaTe ee BBIIOI-
HeHUS MAaIIUHHBIHN KOZ.

rnepenaeTcsa

OCOBEHHOCTU PEAJIUZALUN ®OTOHHOIO
NMPOLLECCOPA

Tononorum cBszen GOTOHHOrO Npoueccopa
DOTOHHBIN MPOLIECCOP IpeJCTaBasgeT COOOH My/IBTH-
IIPOLIECCOPHYIO Cpendy, CocToAlnyio u3 II3, coemuHeH-
HBIX KaHaJIAMU CBSA3H.

MoskHO 3a/leHiCTBOBaTh JI06y0 H3BecTHYIO [10]
TOIIOJIOTHIO CBsizer — 1D Top, 2D Top, 3D Top, H™,
IP-runepky6, N-TIONHBIF MaTPHUYHBIA KOMMYTATOP,
S-3Be3fa, F-TIOIHOCBA3HOE [EepeBo, peajr30BaHHOe
13 Q-TIOPTOBBIX KOMMYTAaTOpOB. KputepusiMmu Bbibopa
SIBJISIIOTCS. yKa3aHHBle B Tab1.4 3HauUeHUS BeTHYHHBI
Dy - Ko/TM4eCcTBO MapLIPYyTOB MeKAy AByMms 113, Haxo-
OSIIMMHUCS Ha PACCTOSSHUM K (M3MepseMBIM MHHU-
MaJIPHBIM KOIMYeCTBOM pebep MexkAy HUMHU), a TaKKe
yKa3aHHble B Tabn. 5 3HaueHHss C ¥ G - MOIIHOCTHU
M KONMH4yecTBa 6eCKOHQIHUKTHBIX MHOXKECTB, KOTOpbIe
OLIEHMBAIOTCSI OTHOCHTE/IBHO JHAMeTPa Cpebl ~ MHUHM-
MaJIBHOTO 3HaueHHs Kk, mocTaTouHOro sl CoefrHe-
HHUS TI0OBIX [BYX 3JIeMEHTOB Cpelbl, CoAepsKalllel
I13. 3Havenus Dy, C u G nonydeHs B [10]. OHHU ompe-
eS0T KOMMYHHKAIIMOHHBIE BO3MOKHOCTH Cpe/bl
Y, CJIe0BATe/IbHO, IIapaMeTPhl IIPOLIeCCOPHEBIX I'padoB
U IIPOrpaMM.

i1

Puc.3. AMN® anzopumma 0451 8bI4UCAEHUS 3HAYEHUS
A=a+(b+c)xdesanucuAabc+dx+:=

Fig. 3. MLS of the algorithm for calculating the value of
A=a+(b+c)xdintheentryAabc+dx+:=

We distinguish three phases of the command:
+ phase ¢=1; reception of information from
channels to PE;
« phase ¢=2; execution of PE actions prescribed by
the operation code;
« phase ¢=3; transfer of information from PE to
receivers in other PEs.
Table 3 shows the photonic processor program with
the G3 topology, obtained from the processor graph
shown in Fig. In each column (g3, 02, al) for @=1, the

¢ . o .
notation ~ means that the identifier x is taken over

the channel 8; PE in the interval t = z (63, 02, 01); p=2
indicates that the operation is performed by the PE
data during the interval t = z, the dash indicates no

. X .
operation; for ¢=3, the record ~ means that in the

interval z the identifier x is transmitted via the 8; PE
channel (63, 62, ol); the color of the line in the record

X . .
7 1s the same as the color of the route on which the

information is received or transmitted.

The details of the translation of programs written
in high-level languages and the features of obtaining
the "machine" representation of these programs are
inessential here. All known means can be used to
optimize the translation and the generated machine
code.
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Ta6auua 3.MporpaMmma GOTOHHOrO MPOLLECCOPA BbIHMCIEHMS BbipakeHUa A=a+(b+c)-dB3anmcm Aabc+dx+:=
Table 3. The program of the photon processor evaluating the expression A=a+(b+c)xdinAabc+dx+:=

000 001 100 101 m

8182 83 81 82 83 81 82 83 81 82 83 81 82 83

1 voe Wb d Aac = ) 9o9 ) voe
000 000 000 000 000 000 000 000

0o 2 - — - - — = - — = - — - - — = - — = - — - - — =
3 ) b did ach =i ) 9909 909 )
111 111 T 11 111 111 T 11 T 11 111

1 b=+ 9o voo vo9 adg + 9 x g=A voo
111 111 111 111 111 111 111 111

1 2 + bc P, - —— - —— - —— - —— - —— - —— - ——
3 Py @ @ voo vo9 ) adgo + 9 x g=A oo
2 22 2 22 222 2 22 2 22 222 2 22 2 22

1 oo Popd x agA +t=9 oo o9 vo9 o9

2 22 2 2 2 22 222 2 22 2 22 222 2 22

2 2 - —— x Pod P, - — - - — - — = - — - - — - - — =
3 Loe oo Aag =92+ o9 L9009 Lo9 Lo9
333 333 333 333 333 333 333 333

1 hat w929 L9209 goo ABZ =09 “o9 go9
333 333 333 333 333 333 333 333

3 2 +a P, P, - — = - — = - — = - — = - — = - — = - — =
3 P,o o 9o 9 o0 ) GALD 99 = voo )
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

1 9o9 BRA= vo9 ) ) g0 0 ) o9
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 1 4 4 4 4 4 4

4 2 - — - = AP, A - — = - — - - — - - — = - — - - — -
3 ) A__ 909 ) vo9 909 ) )
555 555 555 555 555 555 555

CamMoM "IPUMHUTHUBHOH' sBIseTCS cpexa 1D
Top. Hannyumue 3HadeHuss C u G UMeloT Haubo-
Jiee CJIOKHBIE B alllIapaTHOM peajid3aluu cpeabl N
u S. IlpreMeMble Ha IIPaKTHKe 3HA4YeHMs alllla-
PaTHOH CJIOKHOCTH HMeIOT Cpelbl C ToIojoruei F
u ™. OTHU cpefbl XapaKTepU3YIOTCS OMU3KUMHU 3Ha-
yeHUSIMHU Dy, Cu G.

Cpena I'™ uMeeT yooOHBIM alIlapaT IIOCTPOEHUS
6eCKOHQIUKTHBIX MapLUIPyTOB M GOpPMaJIbHOE OIIHU-
caHHe OyneBBIMH OQYHKIMSIMH, /IS Hee IPeJJIO-
>KeHBI CpeJICTBa TOIIOJIOTMYeCKOr0 pe3epBUPOBaAHHUS,
[I03BOJIIONIHe aBTOMAaTH4YeCKH 3aMellaThb 0TKa3aB-
mue I19 ¢ IOMHBIM COXPaHeHHeM TOIIOJIOTMH CPefbl
Y BBIYHC/IMTeBHOTO0 Ipouecca [10].
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FEATURES OF PHOTONIC PROCESSOR
IMPLEMENTATION

Photonic processor communications
topologies

The photonic processorisa multiprocessor environment
consisting of PEs connected by communication
channels.

It is possible to use any known [10] topology of
the connections - 1D torus, 2D torus, 3D torus, N™,
G-hypercube, N-full matrix switch, S-star, F-fully
connected tree realized from g-port switches. The
criteria for selection are the values of Dk - the number
of routes between two PEs located at a distance k
(measured by the minimum number of edges between

them) indicated in Table 4, as well as the values
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Puc.4. MpoueccopHeili pag dis 8biuucAeHUS 3HAYeHUSs 8bipaxkeHus A=a+(b+c)xd e 3anucu Aabc+dx+:=
Fig.4. Processor graph for calculating the value of the expression A=a + (b + c¢) x d in the entry Aabc + d x +: =

101 110 111

111

O

111

O

111

111

O

B3anmMmopencTeme c BHeLWHeW cpeaon

ObMeH GOTOHHOrO ITpoOLleccopa C BHENIHEH Cpefou
IO/KeH 3aHMMaTh KaK MOKHO MeHbIle BpeMeHHU.
JTO AOCTUIAeTCs, eCIu Kaskaomy I19 GOoTOHHOro Ipo-
Lleccopa IPelOCTABUTh [JOCTYII K BHEIIHEH Cpefe,
HaIlpyuMep, Ha3HAUMUTh 3IeKTPOHHBIN IIPOLeccop,
KOTOPBIM peanu3yeT QYHKLUMU XpaHeHHs H obmeHa
UH)OpMaLIHeH.

NIeKTPOHHBIe IIPOLIECCOPBI, COOTBETCTBYIOLIHE
37eMeHTaM GOTOHHOrO IIPOLeccopa, MOKHO 06%b-
eAVHHUTb KaHaJaMHU CBSI3M B MYJIBTHUIIPOLIECCOPHYIO
cpeny, B YaCTHOCTH HMMEIOIIYIO Ty 5Ke TOIIOJIOTHIO, YTO
1 QOTOHHBIN IIPOLIECCOP. DTO II03BOJISIET 331K CTBOBATh
OIHAKOBOE OIIMCAHHe TeKTPOHHOMN U POTOHHOI KOM-
IIOHEeHT GOTOHHOTO KOMIIBIOTepa.

dnemeHTHas 6asa ¢OTOHHOro npoueccopa
JnmeMeHTHAs 6a3a - QYHKIIMOHAJIBHO IIONHBIN Habop
OJI3, MO3BOISIOIIUHI BBIIIOIHATH JII0OBIE apupmeTHye-
CKHe U JIOTH4YecKHe oIlepaluy. Takum Habopom (Hee-
OUHCTBEHHBIM) SIBJISIOTCSI 37IeMEeHTBI, peasH3yIolire
TpH Joruueckue ¢yHkuu "U", "UIH", "HE" [9].

9TU 371eMeHThI MOTYT ObITh peasik30BaHbI IIPHMeHe-
HHeM pa3IHu4HbIX 3¢$eKToB, HallpHMep MHTepdepeH-
LIMOHHEBIX [6], HeMMHEeHNHBIX [7] ¥ Ap. [8]. OHM acCHUBHEI,
He TpeOyIOT AOIIOHUTE/NbHOM 3HeprHH HaKauKH. Bce
OIlepaliuy OCYIIeCTBIISIOTCS JIMIIb CO CBETOBOM GOPMOL
IIpeACTaB/IeHUud MHPOpMaLMU. [JINTEJIbHOCTD BBIIIOJ-

of C and G in Table 5 - the power and the number
of conflict-free sets that are estimated relative to
environment diameter - the minimum value of
k, sufficient to connect any two elements of the
environment containing o PEs. The values of Dy,
C, and G were obtained in [10]. They determine the
communication capabilities of the environment and,
consequently, the parameters of the processor graphs
and programs.

The "primitive” environment is 1D torus. The best
values of C and G have the most complex N and S
environments in the hardware implementation of
the environment. The environments with topologies
F and G" are acceptable in practice for hardware
complexity. These environments are characterized by
close values of Dy, C, and C.

The environment of G® has a convenient
arrangement for constructing conflict-free routes
and a formal description of Boolean functions, it
provides for topological backup facilities that
automatically replace failed PE with full maintenance
of the environment topology and computational
process [10].

Interaction with the environment

The photonic processor’s exchange with the external
environment should take aslittle time as possible. This
is achieved if each PE photonic processor has access to
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HeHHMs OIlepalliH OIpele/isieTCs JJIMTeIbHOCTBIO pac-
IIpocTpaHeHus cBeTa B OJID.

OLUEHKU NMAPAMETPOB

IToyaraem, 4TOo B GOTOHHOM KOMIIBIOTEpE Ha PHC.2
3aJIeMCTBOBAH HKCTOYHHUK JIAa3€pPHOIO M3JIy4YeHUS
MOITHOCTHIO Py=100 BT U [JIMHOM BOJIHBL A=1530 HM;
MOIIIHOCTb H3JIy4YeHMs, [OCTYIAIOIIero BO BXOOHBIE
BOJIHOBOALI II9, cocraBisier P;=1 MBT, MHHHMaIb-
Hasl OITHYecKas MOIIHOCTh Ha Bxome OJID, OCHOBaH-
HOM Ha 3ddexTe HMHTepdepeHLMU [6], cocTaBiser
100 BT [11].

Brom>keT OIITHYECKOM MOIIMHOCTH II9 COCTaBUT
b-40 nB, rme b=Py/8-P;~10* IIT.~ KOTUUYECTBO BXOMHBIX
OJI3 B kKaxkaom I13.

2¢$erTHBHOCTE BBOAA H3JIYUEHUS B BOIHOBOZ, IIPH-
HuMaeM 90% [14]. ITonaraem, uto notepu B OJI9 U B BOI-
HOBOZIAX COBIAJAlOT WU paBHB A=0,1-1,0 nb/cm [14].
CyMmMapHas aanHa BonHoBoAoB OJI3 ogHoro 119 He mpe-
BhIIIaeT L=b-(0,35-3,5) M.

INonaras gauHy BonHOBoma OJID D=50A=75-10"° M,
OUaMeTp BXoLHOro BonmHoBozxa OJI3 u3 [6] h=7,5-10"° M,

HaxoguM [12] paccTosiHHe MexnAy BxomaMu OJID
1=7,5-107° M.

B O HOM I13 MO>XKHO Pa3sMecTHTH
p=L/D=4,7-10’-4,7-108 mT. OJI3.

Heobxogumoe xonuyectso OJI9 B n=64 pas-

PSOHOM YMHOXHTese COIIacHO [9] He IIpeBBILIAET
(23n%+5n-58)~10° mT.

ArnnapartHo VY He cnokHee AJIY [9], ciemoBarenbHo,
p=L/D=4,7-107-4,7-108 mTyKk OJI9 HOCTATOYHO AJsI pea-
nusanuu I13, comepskamero 230-2300 AJIY. M3BecTHO
[9], AIMTEe/NBHOCTL BBHIIIOJTHEHMS ONepalliKh yMHOXKe-
HUS N-PaspsOHbIX YHCEI COCTAaB/seT t ~41,5-n-T, rae
T - JJIMTeJIBHOCTb CpabaThIBAaHHUS 37eMeHTa, 37ech
t=D/v - OJIUTeNBHOCTb 3aAepKKH B opHoM OJI3,
v=2-10% M/C - CKOpPOCTh CBeTa B BOMHOBOHE. [ n=64
IIPOM3BOAMTENbHOCTh AJIY cocTaBUT T=10%r1/c, mpo-
U3BOOUTENbHOCTh 19 1 =2,3-101-2,31012 om/c, mpo-
M3BOSUTEJIBHOCTE BCero (GOTOHHOIO KOMIIBIOTEpa
ny=8-1 ~2-1012-2-108 ori/c.

[IprMeHss apXHUTeKTypHBIe CPeCTBa IJIsi OITHMU-
3alUK CTPYKTYypel AJIY u II9 [9], MOKHO Mony4aTh
pesyabTaT olepalMK KakKAblM HUHTEpBal T U JOCTHI-
HyTb IIMKOBOK ITPOM3BOJMTEITFHOCTH (OTOHHOIO KOM-
neioTepa #,. Jasg A=1530 HM u D=50A unMeeM
ft,~5-101>-5-10' om/c.

3HA4YeHHUs Ty U &, JJIS Pa3IMYHBIX A Ipu Py=100 Bt
CBeleHbl B Tab. 6.

Ons OJI3 u3 [6] yMeHblIeHWe 3Ha4YeHUS D B z pa3s
(HampyMep B pe3y/ibTaTe YMeHBIIEHHUS \) YBeTHUYHBaET
ITPOM3BOIUTEIBHOCTD ITpolieccopa B z? pa3 (IpH HeWs-
MEeHHOM 6I0[I5KeTe MOLITHOCTH U PABHBIX IIOTEPSIX).
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Tabnunua 4. Konm4ecTBO MapLIpyTOB AANHbBI K
Table 4. Number of length k routes

K ; qk—1
D, 2 2:22 4k*-2: 0 Kl 1 (E)

the external environment, for example, is assigned
with an electronic processor that implements the
functions of storing and exchanging information.

The electronic processors corresponding to the
elements of the photonic processor can be combined
by communication channels into a multiprocessor
environment, in particular, having the same topology
as the photonic processor. This allows you to use
the same description of the electronic and photonic
components of the photonic computer.

Element base of the photonic processor
Element base is a functionally complete set of OLE
that allows performing any arithmetic and logical
operations. Such a set (non-unique) is the elements
realizing the three logical functions "AND", "OR",
"NOT" [9].

These elements can be realized by applying various
effects, for example, interference [6], nonlinear [7],
and others [8]. They are passive, they do not require
additional pumping energy. All operations are
carried out only with the light-form presentation
of information. The duration of the operation is
determined by the duration of light propagation in
the OLE.

ESTIMATIONS OF THE PARAMETERS

We assume that the photonic computer shown in
Fig. 2 involves a laser radiation source with a power
P; =100 W and a wavelength A = 1530 nm; the power
of radiation entering the input waveguides of the
PE is P, = 1 mW, the OLE minimum optical power
at the input, based on the interference effect [6], is
100 nW [11].

The optical power budget of the PE will be b - 40 dB,
where b = P,/8 - P;x10* pcs. - the number of input OLE
in each PE.

The efficiency of the radiation input into the
waveguide is assumed to be 90% [14]. We assume
that the OLE and waveguides losses coincide and
are equal to A = 0.1-1.0 dB/cm [14]. The total length
of the OLE waveguides of one PE does not exceed
L=b-(0.35-3.5) m.

Assuming the length of the OLE waveguide
D=50A=75-10"° m, the diameter of the OLE input
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Ta6anuya 5. MoLHOCTY U KONNYeCTBa 6eCKOHMINKTHbLIX MHOXECTB

Table 5. Means and quantities of conflict-free sets

Hm
Cpepa 1D Top 2D Top m=2""r=0,1,2,...
2 w w w w
3 — — — —
C 2 2Nw ® 2 2 2 )
@ w’ [~ .9J® 2 2 ogo 10w Io(gco (")-G(H™) ol ® Q5%
2 -2 w3 2%’ mgmgm)T'Z m 2 2

OLleHKH IIPOM3BOAUTENIBHOCTH f; M 3Heprospoex-
TUBHOCTH #i, /Py pacCMOTpeHHOro GOTOHHOTO KOMIIBIO-
Tepa B 103-10* pa3 mpu A=1530 HM, D=50A u A=0,1-
1,0 nb/cM mIpeBOCXOAAT AOCTUraeMble COBPeMEeHHBIMU
2BM [15].

Ins pasmemenus II9 mnorpebyercsi KpeMHHUe-
Basg IOMJIOKKA JIMHOM He 6omee D-4,7-108=352-10° m
M IIHUPUHOM S~100 MKM (oueBHAHO, s>h u s>2I).
[Tnomane II13 coctamnsier 35-107 m?. IIpu TonmivHe
mmogaoskku 100 MrM, 06beM BOCBMH IID COCTaBUT
V=0,28-10"3m3,

waveguide from [6] h=7.5-10° m, we find [12] the
distance between the OLE inputs 1=7.5-10° m.

One PE can house p=L/D=4.7-107-4.7-108 pcs. of OLE.

The required amount of OLE in the n = 64 bit
multiplier according to [9] does mnot exceed
(23n?+5n-58)~10° pcs.

Hardware-wise, the CD is not more complicated
than the ALU [9], therefore, p = L/D = 4.7 - 107-4.7 - 108
pcs. of OLE are sufficient for implementation of PE
containing 230-2300 ALU. It is known [9] that the
duration of the operation of multiplication of n-bit
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9To ImpueMJIEMBIH pa3mep KOH-
CTPYKTHBHOIO 3JIeMeHTa, II03BO-
JIFIOMUK oTBecTd 100 BT Terria
II0OCPeJCTBOM OOBIYHOTO BO3MYII-
HOI'0 OXJIa>KAeHHS.

P, =100 BT

3AKJIKOYEHUE

Db PeKTHBHOCTD obpaboTku
UHOOPMALIMU B CBETOBOM Qopme
JOOCTUIAeTCS] COBMECTHBIM IIpHMe-

A=1,0 ab/cm
A=1,0dB/cm
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Ta6nuua 6. 3Ha4eHa NPOU3BOANTENLHOCTM GOTOHHOIO KOMMbloTEpa Npu

Table 6. Values of the photonic computer performance when Py =100 W

Tz on/c
iz op/s

ity on/c
fi;op/s

A=0,1 ab/cm
A=0,1dB/cm

A=1,0 ab/cm
A=1,0dB/cm

A=0,1aB/cm
A=0,1dB/cm

HeHHeM B QOTOHHOM KOMIIBIOTEpe: 1530 | 5S0A 2.10!2 2.1013 5.1015 5.10%6
¢ TIIaCCHUBHBIX OIITHYeCKHX JIOTH-

YeCKHX 3/IeMeHTOB;
* OHCHOHUIITIHMHBI BBIUMC/IeHHUH 100 SOA 0,42-10%5 0,42-10%6 1,4-10'8 1,4-10%°

I10 TOTOBHOCTH OIl€PAH/IOB]

e 0ecKOHQIUKTHBIX AJITOPUTMOB
06paboTKku HHPOPMAIIUH IPOLIECCOPHBIMU /I€MEH-
TaMH, COeJUHEHHBIMH B MY/IBTHUIIPOLIECCOPHYIO
cpeny.

Kiaccel 3aja4, pemraeMblx GOTOHHBIMHM M 3JI€K-
TPOHHBIMHM  BBIYMC/IHTENBHBIMHU  MaIIMHAMH,
COBIIQ/IAIOT.

BBINIOTHEHHBIM AaHA/JIN3 M IONy4YeHHBlEe OLeHKH
I,eMOHCTPHUPYIOT BO3MOKHOCTb IOCTHKEHU I QOTOHHBIM
KOMIIBIOTEPOM, 33/IeFICTBYIONIMM H3/Iy4eHHUe C JTHHOH
BOTHBI 1530 HM, ITHMKOBOM ITPOM3BOSUTENBHOCTU B 103-
10% pa3 mpeBhINIAIONIEl JOCTUTAeMYy0 COBpeMEeHHBIMU
37IeKTPOHHBIMHU BBIYMCITHUTENBHBIMU YCTPOMCTBAMU
IIPY PaBHBIX SHEPreTHYeCKUX 3aTPaTax.

[lpuMeHeHHEe TeXHOJOIUM, o0becreYnBaIOIMUX
3aJleFCTBOBaHKE B pOTOHHOM KOMIIBIOTEpE YIbTpadu-
0JIETOBOTO M3JTyYeHHUS C JTMHON BOIHBI 100 HM I103BO-
nsieT GOTOHHOMY KOMIIBIOTEPY AOCTUTHYTH 3K3ad-
JIOTICHOM ITpou3BopuTensHOCTH (108 om/c) Ha 100 BT
oTpebiisie MO MOLTHOCTH.

H3nydyeHUs C pas3sIHYHBIMU JJIUHAMH BOJIH He
B3aMMOJIEHMCTBYIOT Mexkay coboi. IIpu Hajageskarnein
peanusauuu OJI9 B ogHOM GOTOHHOM KOMIIBIOTEpE
MOT'YT OZIHOBPEMEHHO BBIITOTTHSTBCSI HECKOTTBKO BBIYHIC-
JTUTENIBHBIX IIPOLIECCOB, ITPe[CTABIEHHBIX CBETOBBIMHU
BOJIHAMMU Pa3JIUYHOU JJINHBIL.
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numbers is t'~41.5-n-t, where t is the operation
time of the element, here t=D/v is the delay time
in one OLE, v=2-10% m/s is the speed of light in
the waveguide. For n = 64, the performance of
the ALU is m = 10° op/s, the performance of the
PE m'=2.3-10"-2.3-10'2 opt/s, the performance of the
entire photon computer my=8-1 ~2-1012-2-10%3 op/s.

Using architectural means to optimize the
structure of ALU and PE [9], it is possible to obtain the
result of the operation every interval t and to reach
the peak performance of a photonic computer #,.
For A=1530 nm and D=50 A we have
ft,~5-10'° op/s-5-10'° op/s.

The values of my; and &, for different A when
P; =100 W are summarized in Table 6.

For OLE from [6], a decrease in the value of D by
a factor of z (for example, as a result of decreasing A)
increases the processor’s performance in z? times
(with a constant power budget and equal losses).

The estimates of productivity #, and energy
efficiency #,/P; of the photon computer is 103-104
times higher at A = 1530 nm, D = 50 A and A = 0.1-
1.0 dB/cm than those achieved by modern
computers [15].

To arrange PE, a silicon substrate with a length of
no more than D - 4 is required, 7 - 108 = 352 - 10> m and
width s ~100 pm (obviously s>h and s>21). Area of the
PE is 35-107t m2. With a substrate thickness of 100 pm,
the volume of the eight PE will be V = 0.28 x 107 m3.

This is an acceptable size of the structural element
that allows 100 W of heat to be drawn off by means of
conventional air cooling.

CONCLUSION

The efficiency of information processing in the light
form is achieved by joint application in a photonic
computer of:
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i1

 passive optical logic elements

« computational discipline on the readiness of
operands

« conflict-free algorithms for processing

information by processor elements connected to a

multiprocessor environment.

Classes of tasks solved by photonic and electronic
computers coincide.

The completed analysis and the obtained estimates
demonstrate the possibility of achieving a peak
performance by a photonic computer using radiation
with a wavelength of 1530 nm, 103-10* times greater
than that achieved by modern electronic computing
devices with equal energy consumed.

The use of technologies that ensure the use of
ultraviolet radiation in a photonic computer with a
wavelength of 100 nm allows the photonic computer to
achieve Exaflop performance (108 op/s) per 100 watts
of power.

The radiation with different wavelengths
do not interact with each other. If the OLE is
properly implemented in one photonic computer,
several computational processes can be performed
simultaneously, represented by light waves of
different lengths.
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